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(54) Optical microcantilever, manufacturing method thereof, and optical microcantilever holder

(57) An optical microcantilever capable of reducing
loss when propagating light. An optical microcantilever
10 comprises a support 1, an optical waveguide 2, a light-
blocking film 3, a reflecting film 4, a pointed tip 5, a mi-

croscopic aperture 6 formed at the end of the tip 5, and
a mirror 7 for reflecting propagating light H propagated
from a light input/�output end 8 of the optical waveguide
2 towards the microscopic aperture 6.
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Description

Technical Field

�[0001] The present invention relates to an optical mi-
crocantilever capable of effectively propagating light, and
a manufacturing method thereof, and a microcantilever
holder for fixing an optical element actuated by the optical
microcantilever and light incident to the optical microcan-
tilever, and light outputted from the optical microcantilev-
er.

Background Art

�[0002] With such scanning near field microscopes, the
tip of a rectilinear optical fiber probe maintained perpen-
dicular to the sample is made to vibrate horizontally with
respect to the sample surface and changes in the ampli-
tude of vibrations occurring due to the shear force be-
tween the sample surface and the tip of the optical fiber
are detected. Changes in the amplitude are detected by
irradiating the tip of the optical fiber probe with laser light
and detecting changes in the shadow of the tip. A gap
between the tip of the optical fiber probe and the surface
of the material is kept fixed by moving the sample using
a fine-�motion mechanism so that the amplitude of the
vibrations of the optical fiber probe are constant, and the
shape of the surface is detected and the optical perme-
ability of the sample measured from the intensity of a
signal inputted to the fine-�motion mechanism.
�[0003] There is also proposed (in Japanese Patent
Publication Laid-�open No. Hei.� 7-17452) a scanning near
field atomic force microscope where near field light is
generated at the tip of an optical fiber probe as a result
of introducing laser light into an optical fiber probe simul-
taneously with an AFM operation employing the pointed
optical fiber probe as a cantilever for an atomic force
microscope (hereinafter referred to as AFM) and the
shape of the surface of a sample is detected and the
optical characteristics of the sample are measured using
the mutual interaction between the generated near field
light and the sample. FIG. 12 is a side cross-�section of
a related example of an optical waveguide probe. This
optical waveguide probe 110 employs an optical
waveguide 101 as an optical fiber and the optical
waveguide 101 is surrounded by a metal film 102. A point-
ed tip 103 is formed at one end of the optical waveguide
probe 110 and a microscopic aperture 104 for generating
near field light is provided at the end of the tip 103. The
tip 103 is formed by bending the tip of the optical
waveguide probe 110 around towards the sample (not
shown).
�[0004] Microcantilevers of the kind shown in FIG. 13
are well known in the related art (T. Niwa et al., Journal
of Microscopy, vol. 194, pt. 2/3, pp.�388-392). At an optical
microcantilever 120, an optical waveguide 111 is lami-
nated from a core layer and a cladding layer and a metal
film 112 is provided at the surface of the optical

waveguide 111. A pointed tip 119 is formed at one end
of the optical mircocantilever 120 and a support section
114 for fixing the optical microcantilever 120 is formed
at the other end of the optical microcantilever 120. A mi-
croscopic aperture 113 for generating near field light is
provided at the end of the tip 119.
�[0005] The end of the optical microcantilever 120 at
which the tip 119 is formed is referred to as the free end
of the cantilever, and the optical waveguide end where
the support section 114 is formed is referred to as the
incident light end 117. The free end is bent in such a
manner that the microscopic aperture 113 becomes in
close proximity to the sample (not shown), and light prop-
agated from the incident light end 117 enters the optical
waveguide 111
�[0006] An optical fiber guide channel 115 for fixing the
optical fiber is formed at the support section 114. FIG.
14 shows the situation when an optical fiber 130 is fixed
to the optical fiber guide channel 115. Light propagating
from the optical fiber 130 enters the optical waveguide
111 via the incident light end 117 and is guided to the
microscopic aperture 113 by the optical waveguide 111.
Near field light is generated in the vicinity of the micro-
scopic aperture 113 as a result of propagating light at-
tempting to pass through the microscopic aperture 113.
Conversely, near field light generated at the surface of
the sample is scattered by the microscopic aperture 113
so as to generate propagating light and this propagating
light can be detected at the incident light end 117 via the
microscopic aperture 113 and the optical waveguide 111.
Installation of the optical fiber 130 is straightforward be-
cause the optical fiber guide channel 115 is provided at
the support section 114 and there is little trouble involved
in aligning the optical microcantilever 120 and the optical
fiber 130 during changing, etc.
�[0007] However, productivity for the optical waveguide
probe 110 is poor because the optical fiber 101 is em-
ployed as a material, which involves a large number of
steps and is made manually. Further, even if the optical
fiber 101 is covered in the metal film 102, propagating
light loss occurs at locations where the optical fiber 101
is bent and light is therefore not propagated in an efficient
manner, with this loss becoming more substantial as the
angle of bending becomes more dramatic. Conversely,
if the angle of bending is made smoother, the optical fiber
probe becomes longer and handling therefore becomes
more troublesome.
�[0008] The optical microcantilever 120 has superior
productivity and uniformity but loss of propagating light
occurs at the optical waveguide 111 even when the metal
film 112 is provided at the surface of the optical
waveguide 111 and the propagating light cannot be prop-
agated in an effective manner. In this manufacturing
process, a smooth sloping surface 116 occurs between
the incident light end 117 and the optical fiber guide chan-
nel 115 as shown in FIG. 14 and it is therefore difficult to
get the optical fiber 130 sufficiently close to the incident
light end 117 and the efficiency of the incident light is
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poor, i.e. coupling loss increases. Light is scattered at
the incident light end 117 of the optical microcantilever
120 while light is made to pass through the incident light
end 117 by the optical fiber 130 and scattered light also
propagates in the direction of the microscopic aperture
113. This therefore causes the S/N ratio of a light image
for the scanning type near field microscope to fall.
�[0009] In order to resolve the aforementioned prob-
lems it is therefore the object of the present invention to
provide an optical microcantilever bar capable of admit-
ting and propagating light in an efficient manner, and a
manufacturing method for making this kind of optical mi-
crocantilever. It is a further object to provide an optical
microcantilever holder for supporting the optical micro-
cantilever bar and an optical element. It is a still further
object to provide an optical microcantilever bar capable
of improving an S/N ratio of a light image of a scanning
near field microscope.

Disclosure of the Invention

�[0010] In order to achieve the aforementioned objects,
an optical microcantilever of claim 1 is an optical micro-
cantilever for use with a scanning near field microscope,
comprising an optical waveguide, having a light input/
output end and a free end, for propagating light, a tip
formed at the free end, with a microscopic aperture at an
end thereof, and reflecting means for reflecting light prop-
agated from the light input/�output end in such a manner
that the light is guided towards the microscopic aperture,
or reflecting light propagated from the microscopic aper-
ture towards the light input/�output end.
�[0011] The above optical microcantilever is provided
with reflecting means for reflecting light propagated from
the light input/ �output end in such a manner that the light
is guided towards the microscopic aperture, or reflecting
light propagated from the microscopic aperture towards
the light input/ �output end. This reflecting means, reflects
propagating light in an efficient manner and reduces loss
in light propagated towards the microscopic aperture.
�[0012] Further, an optical microcantilever of claim 2 is
an optical microcantilever for use with a scanning near
field microscope, comprising an optical waveguide, hav-
ing a light input/�output end and a free end and a nose
section at an angle with respect to an optical axis of prop-
agating light passing through the light input/�output end,
for propagating light, a tip formed at the free end, with a
microscopic aperture at an end thereof, reflecting means
for reflecting light propagated from the light input/�output
end in such a manner that the light is guided towards the
microscopic aperture, or reflecting light propagated from
the microscopic aperture towards the light input/�output
end.
�[0013] The above optical microcantilever is provided
with reflecting means for reflecting light propagated from
the light input/ �output end in such a manner that the light
is guided towards the microscopic aperture, or reflecting
light propagated from the microscopic aperture towards

the light input/�output end, and a portion having an angle
with respect to an optical axis of propagating-�light pass-
ing through the light input/ �output end. This reflecting
means reflects propagating light in an efficient manner
and reduces loss in light propagated towards the micro-
scopic aperture. It is therefore possible to observe the
surface of a material having a large step by adjusting the
length of the portion having an angle with respect to the
optical axis of the propagating light passing through the
light input/ �output end.
�[0014] The optical microcantilever of claim 3 is the op-
tical microcantilever of claim 1 or claim 2, where at least
part of the optical waveguide comprises a core, and clad-
ding deposited on one side of the core, or both sides of
the core, or deposited so as to surround the core.
�[0015] Because the optical waveguide of this optical
microcantilever comprises a core, and cladding deposit-
ed on one side of the core, or both sides of the core, or
deposited so as to surround the core, propagating light
propagated by the optical waveguide is prevented from
leaking to the outside, and the propagating light is prop-
agated within the optical waveguide under conditions of
total reflection.
�[0016] The optical microcantilever of claim 4 is the op-
tical microcantilever of any one of claims 1 to 3, where a
light-�blocking film is provided on the optical waveguide
at the side where the tip is formed, and a reflecting film
is provided at the opposite side to the side where the tip
is formed.
�[0017] As a result of providing this optical microcanti-
lever with a light-�blocking film on the optical waveguide
at the side where the tip is formed, and a reflecting film
at the opposite side to the side where the tip is formed,
propagating light propagated by the optical waveguide
is prevented from leaking to the outside.
�[0018] In order to achieve the aforementioned objects,
a method of manufacturing an optical microcantilever of
claim 5 is a method for manufacturing an optical micro-
cantilever for use with a scanning near field microscope,
including steps of forming a step to be taken as a mold
for an optical waveguide at the substrate,� depositing a
reflecting film on the substrate, depositing an optical
waveguide on the reflecting film, forming a tip by working
the optical waveguide, depositing a light-�blocking film on
the optical waveguide, forming a microscopic aperture
at the end of the tip, and forming a supporting section by
having the substrate remain on the side to be a light input/
output end and removing the substrate on the side to be
the free end.
�[0019] This method of manufacturing an optical micro-
cantilever includes the steps of forming a step to be taken
as a mold for an optical waveguide at the substrate, de-
positing a reflecting film on the substrate, depositing an
optical waveguide on the reflecting film, forming a tip by
working the optical waveguide, depositing a light-�block-
ing film on the optical waveguide, forming a microscopic
aperture at the end of the tip, and forming a supporting
section by having the substrate remain on the side to be
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a light input/�output end and removing the substrate on
the side to be the free end.
�[0020] The above optical microcantilever is provided
with a reflecting film for reflecting light propagated from
the light input/ �output end in such a manner that the light
is guided towards the microscopic aperture, and reflect-
ing light propagated from the microscopic aperture to-
wards the light input/ �output end so that propagating light
can be reflected in an efficient manner and loss of prop-
agating light can be reduced. Further, batch processing
is possible for these processes by employing silicon
processing, and optical microcantilevers with superior
productivity and uniformity can therefore be made.
�[0021] The method for manufacturing the optical mi-
crocantilever of claim 6 is the method of manufacturing
the optical microcantilever of claim 5, where an angle of
the step formed in the step forming step is an angle en-
abling propagating light propagating from the light input/
output end to be guided towards the microscopic aperture
by the reflecting film deposited in the reflecting film de-
positing step, or is an angle enabling propagating light
propagating from the microscopic aperture to be guided
towards the light input/�output end.
�[0022] In this method for manufacturing the optical mi-
crocantilever, the angle of the step formed in the step
forming step is an angle that enables propagating light
propagating from the light input/ �output end to be guided
towards the microscopic aperture by the reflecting film
deposited in the reflecting film depositing step, or is an
angle that enables propagating light propagating from
the microscopic aperture to be guided towards the light
input/�output end. The reflecting film formed in this man-
ner reflects propagating light in an efficient manner and
reduces loss of propagating light.
�[0023] In order to achieve the aforementioned objects,
an optical microcantilever of claim 7 is an optical micro-
cantilever comprising a cantilever constituted by an op-
tical waveguide, a supporting section for the cantilever,
the optical waveguide having a light input/�output end and
a free end, an optical element guide formed at the sup-
porting section for deciding a position of an optical ele-
ment acting on light entering the optical waveguide or on
light exiting from the optical waveguide, and a channel
provided between the light input/ �output end and the op-
tical element guide.
�[0024] This optical microcantilever has a channel
formed between the light input/ �output end of the optical
waveguide and the optical element guide. By forming a
channel between the light input/�output end of the optical
waveguide and the optical element guide, an inclined sur-
face providing an obstacle between an optical element
acting on light entering the light input/�output end and the
optical waveguide or light outputted from the optical
waveguide can be made substantially perpendicular and
the optical element can therefore be located close to the
light input/ �output end.
�[0025] In order to achieve the aforementioned objects,
a method of manufacturing an optical microcantilever of

claim 8 is a method for manufacturing an optical micro-
cantilever for use with a scanning near field microscope,
comprising the steps of forming a step to be taken as a
mold for an optical waveguide at the substrate, forming
an optical element guide at the substrate, depositing an
optical waveguide on the substrate, forming a light input/
output end of the optical waveguide, forming a channel
by working the substrate between the light input/�output
end and the optical element guide, exposing the optical
element guide by removing the optical waveguide on the
optical element guide, and forming a supporting section
by having the substrate remain on the side to be a light
input/�output end and removing the substrate on the side
to be the free end.
�[0026] This method of manufacturing an optical micro-
cantilever includes the steps of forming a step to be taken
as a mold for an optical waveguide at the substrate, form-
ing an optical element guide at the substrate, depositing
an optical waveguide on the substrate, forming a light
input/�output end of the optical waveguide, forming a
channel by working the substrate between the light input/
output end and the optical element guide, exposing the
optical element guide by removing the optical waveguide
on the optical element guide, and forming a supporting
section by having the substrate remain on the side to be
a light input/�output end and removing the substrate on
the side to be the free end.
�[0027] A guide for fixing an optical element acting on
light entering the light input/�output end and the optical
waveguide or light outputted from the optical waveguide
can therefore be formed and an inclined surface provid-
ing an obstacle between the light input/�output end and
the optical element can be made substantially perpen-
dicular. Further, batch processing is possible for these
processes by employing silicon processing, and optical
microcantilevers with superior productivity and uniformity
can therefore be made.
�[0028] In order to achieve the aforementioned objects,
a method of manufacturing an optical microcantilever of
claim 9 is a method for manufacturing an optical micro-
cantilever for use with a scanning near field microscope,
including the steps of forming a step to be taken as a
mold for an optical waveguide at the substrate, forming
an optical element guide at the substrate, depositing a
reflecting film on the substrate, depositing an optical
waveguide on the reflecting film, forming a tip by working
the optical waveguide, depositing a light-�blocking film on
the optical waveguide, forming a microscopic aperture
at the end of the tip, forming a light input/ �output end of
the optical waveguide by removing the light-�blocking film,
the optical waveguide, and the reflecting film, for the por-
tion to constitute the light input/ �output end of the optical
waveguide; forming a channel by working the substrate
between the light input/�output end and the optical ele-
ment guide, exposing the optical element guide by re-
moving the light-�blocking film, the optical waveguide, and
the reflecting film on the optical element guide, and form-
ing a supporting section by having the substrate remain
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on the side to be a light input/�output end and removing
the substrate on the side to be the free end.
�[0029] This method of manufacturing an optical micro-
cantilever includes the steps of forming a step to be taken
as a mold for an optical waveguide at the substrate, form-
ing an optical element guide at the substrate, depositing
a reflecting film on the substrate, depositing an optical
waveguide on the reflecting film, forming a tip by working
the optical waveguide, depositing a tight-�blocking film on
the optical waveguide, forming a microscopic aperture
at the end of the tip, forming a light input/ �output end of
the optical waveguide by removing the light-�blocking film,
the optical waveguide, and the reflecting film, for the por-
tion to constitute the light input/ �output end of the optical
waveguide, forming a channel by working the substrate
between the light input/�output end and the optical ele-
ment guide, exposing the optical element guide by re-
moving the light- �blocking film, the optical waveguide, and
the reflecting film on the optical element guide, and form-
ing a supporting section by having the substrate remain
on the side to be a light input/�output end and removing
the substrate on the side to be the free end.
�[0030] As a result, a guide for fixing the optical element
can be formed and an inclined surface providing an ob-
stacle between the light input/ �output end and the optical
element can be made substantially perpendicular. Fur-
ther, a reflecting film for reflecting light propagated from
the light input/ �output end in such a manner that the light
is guided towards the microscopic aperture, or reflecting
light propagated from the microscopic aperture towards
the light input/�output end can be formed, propagating
light can be reflected in an efficient manner, and there is
no longer any loss of propagating light. Further, batch
processing is possible for these processes by employing
silicon processing, and optical microcantilevers with su-
perior productivity and uniformity can therefore be made.
�[0031] In order to achieve the aforementioned objects,
there is also provided an optical microcantilever guide
for supporting an optical microcantilever, and an optical
element guide for deciding a position of an optical ele-
ment acting on light entering the optical microcantilever
or on light exiting from the optical microcantilever.
�[0032] With this optical microcantilever holder, an op-
tical microcantilever guide for supporting an optical mi-
crocantilever and an optical element guide for supporting
the optical element at the optical microcantilever are
formed. The optical microcantilever and the optical ele-
ment can therefore be aligned simply by installing the
optical microcantilever at the optical microcantilever
guide and installing the optical element at the optical el-
ement guide.
�[0033] In order to achieve the aforementioned objects,
an optical microcantilever of claim 11 is an optical micro-
cantilever comprising a cantilever-�shaped optical
waveguide, a tip formed at the free end of the optical
waveguide and having a microscopic aperture at an end
thereof, wherein the optical waveguide comprises: a light
input/�output end at a fixed end thereof, a nose section

formed between the free end and the fixed end at an
angle with respect to an optical axis of the optical
waveguide of the fixed end, and reflecting means for re-
flecting light propagating from the light input/�output end
in such a manner that the light is guided towards the nose
section, and/or reflecting light detected by the microscop-
ic aperture and transmitted to the nose section towards
the light input/�output end.
�[0034] Further, an optical microcantilever of claim 12
is the optical microcantilever of claim 11, wherein
the optical waveguide has a head section at the end of
the nose section extending substantially parallel with the
optical waveguide of the fixed end, and the tip is formed
at the head section.
�[0035] This optical microcantilever can measure sam-
ples with large steps as a result of the nose section being
provided, and the tip is easy to form.
�[0036] In order to achieve the aforementioned objects,
the optical microcantilever of claim 13 is the optical mi-
crocantilever of any one of claims 1 to 3, 11, or 12, where-
in a lens is provided between the tip and the reflecting
means. Further, the optical microcantilever of claim 14
is the optical microcantilever of claim 13 where the lens
is a convex lens. Moreover, the optical microcantilever
of claim 15 is the optical microcantilever of claim 13 where
the lens is a fresnel lens. Still further, the optical micro-
cantilever of claim 16 is the optical microcantilever of
claim 13 where the lens is a gradient-�index lens.
�[0037] Further, the light of a high energy density can
be guided into the microscopic aperture using the lens
and near field light irradiated from the microscopic aper-
ture can be of a substantial intensity. And/or, light detect-
ed by the microscopic aperture can be transmitted to a
detector in an efficient manner as detection light by col-
limating the detected light using the lens.
�[0038] In order to achieve the aforementioned objects,
the optical microcantilever of claim 17 is the optical mi-
crocantilever of any one of claims 1 to 3, or 11 to 16,
wherein the tip of the optical microcantilever employed
in a scanning near field microscope is formed of a mate-
rial having a higher refractive index than the optical
waveguide.
�[0039] Because the tip of this optical microcantilever
is formed of a material of a high refractive index, efficiency
of irradiation of light from the microscopic aperture and/or
the efficiency of generation of near field light to be de-
tected and/or the efficiency of detection can be in-
creased.
�[0040] In order to achieve the aforementioned objects,
an optical microcantilever of claim 18 comprises a sub-
strate, a cantilever- �shaped optical waveguide formed at
the substrate, a tip, having a microscopic aperture at an
end thereof, formed at a side of the free end of the can-
tilever, a light input/�output end positioned at a side of the
fixed end of the optical waveguide, and an optical element
guide, formed on the substrate on the side of the light
input/�output end, for deciding a position of an optical el-
ement acting on light entering the optical waveguide and
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on light exiting from the optical waveguide, wherein the
light input/�output end projects above the optical element
guide.
�[0041] With this optical microcantilever, a distance be-
tween the light input/�output end and the optical element
can be made shorter because the light input/ �output end
projects above the optical element guide. The efficiency
with which light entering the optical waveguide and/or
light outputted from the optical waveguide can be intro-
duced and/or detected is therefore good.
�[0042] In order to achieve the aforementioned objects,
an optical microcantilever of claim 19 comprises a sub-
strate, a cantilever-�shaped optical waveguide formed at
the substrate, a light input/�output end positioned at a side
of the fixed end of the optical waveguide, a tip provided
at the side of the free end of the cantilever and having a
microscopic aperture at an end thereof, and light-�block-
ing means for ensuring that light scattered by the light
input/�output end is not transmitted in the direction of the
tip.
�[0043] Further, an optical microcantilever of claim 20
is the optical microcantilever of claim 19, wherein the
light-�blocking means is arranged above the substrate and
the optical waveguide, and provides a wall for blocking
the scattered light.
�[0044] Further, an optical microcantilever of claim 21
is the optical microcantilever of claim 19, wherein the
light-�blocking means comprises a light- �blocking agent lo-
cated on the substrate and the optical waveguide and a
light-�blocking film located on the light-�blocking agent, and
the light-�blocking film is located in such a manner as to
cover at least the light input/�output end.
�[0045] Further, an optical microcantilever of claim 22
is the optical microcantilever of claim 19, wherein the
light-�blocking means comprises: a light- �blocking film lo-
cated on the substrate and the optical waveguide and a
light-�blocking agent arranged so as to cover at least part
of an end of the light-�blocking film, and the light-�blocking
film is located in such a manner as to cover at least the
light input/�output end. Further, an optical microcantilever
of claim 23 is the optical microcantilever of any one of
claims 21 to 22, wherein the light-�blocking film is mova-
ble.
�[0046] With this optical microcantilever, the light- �block-
ing means ensures that light scattered by the light input/
output end is not transmitted in the direction of the tip
and this therefore improves the S/N ratio of optical im-
ages of the scanning near field microscope so that the
scanning speed of the scanning near field microscope
can be improved accordingly. Deciding of the position of
the optical element and the light input/�output end of the
waveguide can be performed during observation be-
cause the light- �blocking film is movable and positioning
of the optical element can therefore be carried out in a
precise and straightforward manner.

Brief Description of the Drawings

�[0047]

FIG. 1 is a side cross- �section of an optical microcan-
tilever of a first embodiment of the present invention.
FIG. 2 is a view illustrating a process for manufac-
turing the optical microcantilever of FIG. 1.
FIG. 3 is a structural view illustrating a scanning near
field microscope employing the optical microcanti-
lever of FIG. 1.
FIG. 4 is a side cross- �section of an optical microcan-
tilever of a second embodiment of the present inven-
tion.
FIG. 5 is a side cross- �section of an optical microcan-
tilever of a third embodiment of the present invention.
FIG. 6 is a view illustrating the situation when an
optical fiber is installed in an optical element guide
of the optical microcantilever of FIG. 5.
FIG. 7 is a view illustrating a process for manufac-
turing the optical microcantilever of FIG. 5.
FIG. 8 is a view illustrating a process for manufac-
turing the optical microcantilever of FIG. 5.
FIG. 9 is a schematic view of an optical microcanti-
lever of a fourth embodiment of the present inven-
tion.
FIG. 10 is a view illustrating the situation when an
optical microcantilever and an optical fiber are in-
stalled at the optical microcantilever holder of FIG. 9.
FIG. 11 is a view illustrating the situation when an
optical microcantilever and an optical fiber are in-
stalled at the optical microcantilever holder of FIG. 9.
FIG. 12 is a side cross- �section of a related example
of an optical fiber probe.
FIG. 13 is a side cross-�section of a related optical
microcantilever having an optical fiber guide chan-
nel.
FIG. 14 is a view illustrating the situation when an
optical fiber is installed in an optical fiber guide of
the optical microcantilever of FIG. 13.
FIG. 15 is a structural view of an optical microcanti-
lever of a fifth embodiment of the present invention.
FIG. 16 is a view showing a method for manufactur-
ing the optical microcantilever of the fifth embodi-
ment of the present invention.
FIG. 17 is a structural view of an optical microcanti-
lever of a sixth embodiment of the present invention.
FIG. 18 is a view showing a method for manufactur-
ing the optical microcantilever of the sixth embodi-
ment of the present invention.
FIG. 19 is a structural view of an optical microcanti-
lever of a seventh embodiment of the present inven-
tion.
FIG. 20 is a view showing the situation when an op-
tical fiber is fixed to the optical microcantilever of
FIG. 19.
FIG. 21 is a view showing a method for forming a
projecting section of the optical microcantilever of
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FIG. 19.
FIG. 22 is a further view showing a method for form-
ing a projecting section of the optical microcantilever
of FIG. 19.
FIG. 23 is a view showing a pattern for an optical
fiber channel of the optical microcantilever of FIG.
19.
FIG. 24 is a structural view a section introducing light
to an optical microcantilever of an eighth embodi-
ment of the present invention.
FIG. 25 is a structural view of an optical microcanti-
lever of a ninth embodiment of the present invention.
FIG. 26 is a structural view of an optical microcanti-
lever of a tenth embodiment of the present invention.
FIG. 27 is a structural view of an optical microcanti-
lever of an eleventh embodiment of the present in-
vention.

Best Mode for Carrying Out the Invention

�[0048] The following is a detailed description, with ref-
erence to the appended drawings, of an optical micro-
cantilever, a manufacturing method thereof, and an op-
tical microcantilever holder of the present invention.

First Embodiment

�[0049] FIG. 1 is a side cross- �section of an optical mi-
crocantilever of a first embodiment of the present inven-
tion. An optical microcantilever 10 comprises a support
1, an optical waveguide 2, a light-�blocking film 3, a re-
flecting film 4, a pointed tip 5, a microscopic aperture 6
formed at the end of the tip 5, and a mirror 7. The end of
the optical microcantilever 10 where the support 1 is
formed is referred to as the light inputting/�outputting end
and the end where the tip 5 is formed is referred to as
the free end.
�[0050] The portion shown by L in FIG. 1 has a length
of, for example, 50 to 1000Pm, a width of, for example,
10 to 100Pm, and a thickness of, for example, 4 to 10Pm.
The height of the tip 5 is, for example, 5 to 10 Pm. The
radius of the end of the tip 5 is 50nm or less and is equiv-
alent to an AFM cantilever tip. The size of the microscopic
aperture 6 is 100nm or less. The support 1 is composed
of silicon, glass, or quartz etc., the optical waveguide 2
is composed of silicon dioxide or polymide, etc., the light-
blocking film 3 is composed of chromium, aluminum, or
titanium, etc., and the reflecting film 4 is composed of a
high reflectance material such as gold or aluminum, etc.
The mirror 7 is part of the reflecting film 4.
�[0051] Propagating light outputted from a light source
(not shown) enters the optical waveguide 2 from the light
input/�output end 8 of the optical waveguide 2. The mirror
7 reflects propagating light H propagating from the light
input/�output end 8 so as to be guided towards the micro-
scopic aperture 6. Near field light is then generated in
the vicinity of the microscopic aperture 6 as a result of
the propagating light H attempting to pass through the

microscopic aperture 6. The propagating light can there-
fore be efficiently reflected towards the microscopic ap-
erture 6 because the optical microcantilever 10 employs
the mirror 7 to change the light path of the propagating
light H and the loss of propagating light can therefore be
reduced.
�[0052] Next, a description is given, using FIG. 2, of a
method for manufacturing the optical microcantilever 10.
First, as shown in FIG. 2�(a), a silicon substrate 50 is pre-
pared, but if a mold is made this can also be a glass or
quartz substrate. Next, as shown in FIG. 2�(b), a step is
formed in the silicon substrate 50 by anisotropic etching
using a potassium hydroxide (KOH) or tetramethyl am-
monium hydroxide (TMAH), and a mold is made. Next,
as shown in FIG. 2�(c), a reflecting film material 51 and a
waveguide material 52 are deposited on the silicon sub-
strate 50. The reflecting film material 51 is a high reflect-
ance material such as gold or aluminum, and the
waveguide material 52 is, for example, silicon dioxide or
polymide, etc.
�[0053] Next, as shown in FIG. 2�(d), a mask 53 of pho-
toresist material is formed at the location on the
waveguide material 52 that is to be the tip 5. The
waveguide material 52 is then removed along the dotted
line in the drawing by dry or wet etching. As a result of
this, the pointed tip 5 shown in FIG. 2 �(e) is formed. Un-
required portions of the reflecting film material 51 can be
removed together with forming the tip or can be removed
in a later process. Next, as shown in FIG. 2�(f), a light-
blocking film material 55 is deposited so as to cover the
silicon substrate 50, the reflecting film material 51 and
the waveguide material 52. The light-�blocking film mate-
rial 55 is made of, for example, chromium, aluminum or
titanium, etc.
�[0054] Next, as shown in FIG. 2�(g), a mask 56 of pho-
toresist material is formed on the waveguide material 55.
The light-�blocking film material 55 is then removed from
the end of the tip 5 by dry or wet etching and the micro-
scopic aperture 6 (refer to FIG. 2�(h)) is formed. Finally,
as shown in FIG. 2�(h), the silicon substrate 50 that be-
comes the light input output end remains, and the optical
microcantilever 10 is formed by etching off the silicon
substrate 50 on the side of the free end.
�[0055] The microscopic aperture 6 at the end of the tip
5 is formed at a position where light propagating in the
waveguide material 52 is reflected towards the micro-
scopic aperture 6 by the reflecting film material 51 de-
posited at the step of the silicon substrate 50.
�[0056] FIG. 3 is a view of a configuration of a scanning
near field microscope employing the optical microcanti-
lever 10. A scanning near field microscope 1000 com-
prises the optical microcantilever 10, a light source 509,
a lens 510 for focussing light propagating from the light
source 509 and irradiating this light to the light waveguide
of the optical microcantilever 10, a prism 502 for reflecting
propagating light obtained by scattering of near field light
generated at the end of the optical microcantilever 10
located below a sample 501, a lens 505 for focussing
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light propagating from the prism 502, and a photodetector
506 for receiving propagating light focussed by the lens
505.
�[0057] A laser oscillator 512 for generating laser light,
a mirror 513 for reflecting laser light reflected at the free
end of the optical microcantilever 10, and a photoelectric
transducer 511 divided into upper and lower parts for
receiving laser light reflected at the mirror 513 are pro-
vided above the optical microcantilever 10. A fine move-
ment mechanism 503 and coarse movement mechanism
504 for controlling movement of the sample 501 and the
prism 502 in three dimensions, a servo mechanism 508
for driving the fine movement mechanism 503 and the
coarse movement mechanism 504, and a computer 507
for controlling the whole of the equipment are also pro-
vided. The scanning near field microscope 1000 can ob-
serve in a dynamic mode or a contact mode.
�[0058] Next, a description is given of the operation of
the scanning near field microscope 1000. Laser light gen-
erated by the laser oscillator 512 is reflected by the free
end of the optical microcantilever 10. The optical micro-
cantilever 10 then shifts due to interatomic force between
the end of the optical microcantilever 10 and the sample
501. The angle of reflection of laser light reflected by the
free end of the optical microcantilever 10 then shifts and
this shift is detected by the photoelectric transducer 511,
with a signal detected by the photoelectric transducer
511 being sent to the computer 507. The computer 507
controls the approach of the optical microcantilever 10
to the sample 501 and controls the fine movement mech-
anism 503 and the coarse movement mechanism 504
using the servo mechanism 508 in such a manner that
deflection of the optical microcantilever 10 while scan-
ning the surface does not exceed a set value.
�[0059] Further, propagating light outputted from the
light source 509 is focused by the lens 510 and irradiated
to the microscopic aperture via the optical waveguide of
the optical microcantilever 10 so that near field light is
generated in the vicinity of the microscopic aperture of
the optical microcantilever 10. Optical information of the
sample 501 reflected by the prism 502 is focussed by the
lens 505 and guided towards the photodetector 506. The
computer 507 receives the signal from the photodetector
506, detects optical information of the sample 501 from
this signal, and makes a topographical image and optical
image.
�[0060] According to the optical microcantilever 10 of
the first embodiment, propagating light H can be efficient-
ly converted to near field light because propagating light
H propagating from the light input/�output end 8 of the
optical waveguide 2 is reflected by the mirror 7 so as to
be guided to the microscopic aperture 6, and loss of prop-
agating light can therefore be reduced. Further, it is also
possible to obtain high resolution topographical images
and optical images because the tip 5 is pointed and the
microscopic aperture can be made small. Moreover, loss
of propagating light can be further reduced and near field
light of substantial intensity can be generated because

the distance from the mirror 7 to the microscopic aperture
6 is short. Handling is also straightforward because the
overall size is small.
�[0061] Further, according to the method of manufac-
turing the optical microcantilever 10 of the first embodi-
ment, the mirror 7 for reflecting the propagating light H
from the light input/ �output end towards the microscopic
aperture 6 can be formed and the optical microcantilever
10 where loss of propagating light is reduced can be eas-
ily made. Further, batch processing is possible for the
steps shown in FIG. 2 by employing silicon processing,
and optical microcantilevers with superior productivity
and uniformity can therefore be made.
�[0062] In the above, a optical waveguide 2 of a single
layer structure is shown in the drawings. However, the
optical waveguide 2 may also have a two layer structure
of a core of a high refractive index and cladding of a low
refractive index, or a three layer structure, or a structure
where the surroundings of the core are covered in clad-
ding, so that leaking of propagating light to the outside
is prevented. Further, at least part of the optical
waveguide 2 may have a two layer structure of a core of
a high refractive index and cladding of a low refractive
index, or a three layer structure, or a structure where the
surroundings of the core are covered in cladding. The
same can also be said for the structure of the optical
waveguide 2 in the following embodiments. Still further,
in the above a description is given where the mirror 7
reflects the propagating light H propagating from the light
input/�output end 8 towards the microscopic aperture 6
but reflection of propagating light H propagating from the
microscopic aperture 6 towards the light input/�output end
8 by the mirror 7 is also possible.

Second Embodiment

�[0063] FIG. 4 is a side cross- �section of an optical mi-
crocantilever of a second embodiment of the present in-
vention. Here, a nose section 9 is formed at the optical
microcantilever 20 at an angle with respect to an optical
axis of propagating light propagating at the light input/
output end 8 of the optical waveguide 2, and the tip 5 is
formed at the end of this nose section 9. Other aspects
of the configuration are the same as the configuration for
the optical microcantilever 10 of the first embodiment and
are not described.
�[0064] The nose section 9 is, for example, 1 to 200 Pm
long, and other dimensions of the optical microcantilever
20 are the same as for the optical microcantilever 10 of
the first embodiment. This nose section 9 can be formed
by preparing a thick silicon substrate 50 and forming the
step formed in FIG. 2�(b) so as to be long. The manufac-
turing steps thereafter are the same as the manufacturing
steps shown in FIG. 2 �(c) to FIG. 2�(h). This optical micro-
cantilever 20 is then employed in place of the optical mi-
crocantilever 10 of the scanning near field microscope
1000 of FIG. 3.
�[0065] Propagating light generated by a light source
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(not shown) enters the optical waveguide 2 from the light
input/�output end 8 of the optical waveguide 2. The mirror
7 reflects propagating light H propagating from the light
input/�output end 8 so as to be guided towards the micro-
scopic aperture 6. Near field light is then generated in
the vicinity of the microscopic aperture 6 as a result of
the propagating light H attempting to pass through the
microscopic aperture 6. The propagating light can there-
fore be efficiently reflected towards the microscopic ap-
erture 6 because the optical microcantilever 20 employs
the mirror 7 to change the light path of the propagating
light H and the loss of propagating light can therefore be
reduced.
�[0066] According the optical microcantilever 20 of the
second embodiment, propagating light H can be efficient-
ly reflected towards the microscopic aperture 6 because
propagating light H propagating from the light input/ �out-
put end 8 of the optical waveguide 2 is reflected by the
mirror 7 so as to be guided to the microscopic aperture
6, and loss of propagating light can therefore be reduced.
Observation of surfaces of materials having substantial
steps is therefore made possible by providing the long
nose section 9. Third Embodiment
�[0067] FIG. 5 is a side cross- �section of an optical mi-
crocantilever of a third embodiment of the present inven-
tion. This optical microcantilever 30 comprises an optical
fiber guide channel 32 for supporting an optical fiber, and
a channel 33 formed between the optical fiber guide
channel 32 and the light input/ �output end 8 of the optical
waveguide 2, formed at a support section 31. The optical
fiber guide channel 32 is, for example, a V- �shaped
groove. Other aspects of the configuration are the same
as the configuration for the optical microcantilever 10 of
the first embodiment and are not described. In addition
to the optical fiber, an optical element acting on light en-
tering the optical waveguide and acting on light exiting
from the optical waveguide can be, for example, a light-
emitting diode, a semiconductor laser, a lens, a beam
splitter, or a photodiode, etc. In this case, the optical fiber
guide channel 32 is an optical element guide made to
correspond to the states of the respective elements.
�[0068] FIG. 6 shows the situation when an optical fiber
130 is fixed to the optical fiber guide channel 32 of the
optical microcantilever 30. Light propagating from the op-
tical fiber 130 enters the optical waveguide 2 via the light
input/�output end 8 and is guided to the microscopic ap-
erture 6 by the optical waveguide 2. There is therefore
little trouble involved in aligning the optical microcanti-
lever 30 and the optical fiber 130 during changing, etc.,
because the optical fiber guide channel 32 is formed in
the optical microcantilever 30. Because a deep channel
33 is formed between the light input/�output end 8 and the
optical fiber guide channel 32, an inclined surface (refer
to FIG. 14) that provided an obstacle in the related art no
longer provides an obstacle, and the optical fiber 130 can
therefore be brought close to the light input/�output end
8. Coupling loss between the optical fiber 130 and the
optical waveguide 2 can therefore be reduced, the inten-

sity of propagating light entering the optical waveguide
2 can be made more substantial, and near field light of
a stronger intensity can be generated from the micro-
scopic aperture 6.
�[0069] Next, a description is given, using FIG. 7 and
FIG. 8, of a method for manufacturing the optical micro-
cantilever 30. First, as shown in FIG. 7 �(a), a silicon sub-
strate 70 is prepared, but if a mold is made this can also
be a glass or quartz substrate. Next, as shown in FIG. 7
(b), steps 71 and 72 and the optical fiber guide channel
32 are formed at the silicon substrate 70 by anisotropic
etching using KOH or TMAH, and a mold is made. Then,
as shown in FIG. 7�(c), a reflecting film material 74 and a
waveguide material 75 are deposited on the silicon sub-
strate 70. The reflecting film material 74 is a high reflect-
ance material such as gold or aluminum, and the
waveguide material 75 is, for example, silicon dioxide or
polymide, etc.
�[0070] After this, as shown in FIG. 7�(d), waveguide ma-
terial 75 deposited on the step 71 is removed by dry or
wet etching and a pointed tip 5 is formed. Then, as shown
in FIG. 7 �(e), a light-�blocking film material 77 is deposited
so as to cover the silicon substrate 70, the reflecting film
material 74 and the waveguide material 75. The light-
blocking film material 77 is then removed from the end
of the tip 5 by dry or wet etching and the microscopic
aperture 6 is formed. After this, as shown in FIG. 7 �(f),
light-�blocking film material 77, waveguide material 75 and
reflecting film material 74 deposited on the step 72 is
removed by dry or wet etching and the light input/�output
end 8 is formed.
�[0071] After this, as shown in FIG. 8�(g), the silicon sub-
strate 70 is removed from between the light input/�output
end 8 and the optical fiber guide channel 32 by dry or
wet etching and the channel 33 deeper than the optical
fiber guide channel 73 is formed. Next, as shown in FIG.
8 �(h), reflecting film material 74, waveguide material 75
and light-�blocking film material 77 deposited on the op-
tical fiber guide channel 32 is removed by dry or wet
etching so that the optical fiber guide channel 32 is ex-
posed. Finally, as shown in FIG. 8�(i), the silicon substrate
70 that becomes the light input output end remains, and
the optical microcantilever 30 is formed by etching off the
silicon substrate 70 on the side of the free end.
�[0072] According to the optical microcantilever 30 of
the third embodiment, there is little trouble involved in
aligning the optical microcantilever 30 and the optical fib-
er 130 during changing, etc., because the optical fiber
guide channel 32 is formed. Further, by forming the deep
channel 33 between the light input/�output end 8 and the
optical fiber guide channel 32, the optical fiber 130 can
be located close to the light input/�output end 8, propa-
gating light of increased intensity and reduced coupling
loss can be introduced at the optical waveguide 2, and
near field light of substantial intensity can be generated
from the microscopic aperture 6.
�[0073] This optical microcantilever 30 is employed in
place of the optical microcantilever 10 of the scanning
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near field microscope 1000 of FIG. 3. In this case, prop-
agating light focussed by the lens 510 is guided to the
optical waveguide of the optical microcantilever 30 via
the optical fiber.
�[0074] Further, according to the method of manufac-
turing the optical microcantilever 30 of the third embod-
iment, the optical microcantilever 30 with the deep chan-
nel 33 formed between the light input/ �output end 8 and
the optical fiber guide channel 32 can be manufactured
in a straightforward manner. Further, batch processing
is possible for the manufacturing steps shown in FIG. 7
and FIG. 8 by employing silicon processing, and optical
microcantilevers with superior productivity and uniformity
can therefore be made.

Fourth Embodiment

�[0075] FIG. 9 is a side cross- �section of an optical mi-
crocantilever holder of a fourth embodiment of the
present invention. V-�shaped guide channels 42 and 43
are formed in a substrate 41 of silicon, stainless steel or
plastic of this optical microcantilever holder 40, and the
guide channel 43 is deeper than the guide channel 42.
�[0076] FIG. 10 and FIG. 11 show the situation when
the optical microcantilever 10 of the first embodiment and
the optical fiber 130 are installed at the optical microcan-
tilever holder 40. In FIG. 10, the optical waveguide of the
optical microcantilever 10 is installed in the guide channel
42 and the optical fiber 130 is installed in the guide chan-
nel 43. On the other hand, in FIG. 11, the optical fiber
130 is installed in the guide channel 42 and the optical
microcantilever 10 is installed in the guide channel 43.
In the situation shown in FIG. 11 the tip of the optical
microcantilever 10 is located on the opposite side to the
optical microcantilever holder 40. It is therefore easier
for the tip to be made closer to the surface of the sample
than in the situation shown in FIG. 10 by the portion by
where the substrate 41 does not exist between the sam-
ple and the tip. In addition to the optical fiber 130, an
optical element acting on light entering the optical
waveguide and acting on light exiting from the optical
waveguide can be, for example, a light-�emitting diode, a
semiconductor laser, a lens, a beam splitter, or a photo-
diode, etc. In this case, the guide channel 42 and the
guide channel 43 are optical element guides made to
correspond to the states of the respective elements.
�[0077] According the optical microcantilever holder 40
of the fourth embodiment, two guide channels are pro-
vided, with the optical microcantilever being installed in
one guide channel and the optical fiber being installed in
the other guide channel. This keeps the trouble involved
in aligning the optical microcantilever and optical fiber
during changing etc., to a minimum.

Fifth Embodiment

�[0078] FIG. 15 is a structural view of an optical micro-
cantilever 80 of a fifth embodiment of the present inven-

tion. This optical microcantilever 80 has a head 81 at the
end of the nose section 9 of the optical microcantilever
20 described for the second embodiment of the present
invention. The head 81 has the tip 5, and the microscopic
aperture 6 is formed at the end of the tip 5. The head 81
is 10 to 100Pm long, and other aspects of the configura-
tion are the same as the configuration for the optical mi-
crocantilever 10 of the first embodiment and are not de-
scribed.
�[0079] Propagating light generated by a light source
(not shown) enters the optical waveguide 2 from the light
input/�output end 8. The mirror 7 reflects propagating light
H propagating from the light input/ �output end 8 so as to
be guided towards the head 81. Near field light is gener-
ated in the vicinity of the microscopic aperture 6 due to
the component of the propagating light guide towards the
head 81 attempting to pass through the microscopic ap-
erture 6. The propagating light can therefore be efficiently
reflected towards the microscopic aperture 6 because
the optical microcantilever 20 employs the mirror 7 to
change the light path of the propagating light H and the
loss of propagating light can therefore be reduced.
�[0080] FIG. 16 is a view illustrating a method of man-
ufacturing the optical microcantilever 80. In a method for
manufacturing the optical microcantilever 80 having the
head 81, as shown in FIG.�16 �(a), reflecting film material
51 and waveguide material 52 is deposited on a step
formed at the silicon substrate 50. Next, as shown in FIG.
16�(b), a mask 53 is formed at the step formed at the
silicon substrate 50, and the tip 5 is formed by wet etching.
The manufacturing steps thereafter are the same as the
manufacturing steps shown in FIG. 2�(e) to FIG. 2 �(h). This
optical microcantilever 80 is employed in place of the
optical microcantilever 10 of the scanning near field mi-
croscope 1000 of FIG. 3.
�[0081] As described above, according to the optical
microcantilever 80, in addition to the effects described
for the second embodiment, the shape of the photomask
used in photolithographic processing can be transferred
in an accurate manner as a result of forming the tip 5 on
the upper side of the step formed at the silicon substrate
50 in the manufacturing step. This means that the shape
of the tip 5 of the optical microcantilever 80 can be con-
trolled in a superior manner.

Sixth Embodiment

�[0082] FIG. 17 is a structural view of an optical micro-
cantilever 90 of a sixth embodiment of the present inven-
tion. The tip 5 of the optical microcantilever 90 is com-
posed of tip material 91 having a higher refractive index
than the material composing the optical waveguide 2 and
a lens 92 is provided at the surface boundary of the optical
waveguide 2 and the tip material 91. The lens 92 can
comprise a convex lens and fresnel lenses etc. as shown
in FIG. 17. The optical waveguide 2 of the optical micro-
cantilever 90 is formed directly on the support 1. The
reflecting film 7 of this optical microcantilever 90 can also
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be formed between the support 1 and the optical
waveguide 2, as with the optical microcantilever 10. The
same can also be said for the presence of the reflecting
film 7 between the support 1 and the optical waveguide
2 in the preceding and subsequent embodiments. Other
aspects of the configuration are the same as for the op-
tical microcantilever 10 and are not described.
�[0083] FIG. 18 is a view illustrating step of manufac-
turing the optical microcantilever 90. In the method de-
scribed in FIG. 2�(a) and FIG. 2�(b), waveguide material
52 is deposited on the silicon substrate 50 where the step
is formed, as shown in FIG. 18�(a). Then, as shown in
FIG. 18�(b), the waveguide material 52 is flattened by
methods such as polishing, grinding, or etching, etc.
Next, as shown in FIG. 18�(c), a mask 58 of photoresist
is first formed and a concave shape for forming a convex
lens is formed in the waveguide material using a method
such as wet etching. Next, as shown in FIG. 18�(d), tip
material 91 is deposited by a technique such as CVD,
sputtering or spin coating, etc., a mask 53 is formed at
the position where the tip 5 is to be formed, and the tip
5 is formed from the tip material using an anisotropic
etching process such as wet or dry etching. In the step
described in FIG. 18�(c), a Fresnel lens can be formed at
the surface boundary of the tip 5 and the optical
waveguide 2 by forming a Fresnel lens shape on the
waveguide material 52. In the step described in FIG. 18
(c), a gradient-�index lens can be formed by giving the
vicinity of the surface of the waveguide material 52 a
gradient-�index using a method such as injecting the
waveguide material 52 with ions, etc. The steps thereaf-
ter are the same as for the manufacturing method de-
scribed in FIG. 2�(e) to FIG. 2�(h), and are therefore not
described. Finally, after the step described in FIG. 2 �(h),
the reflecting film 7 is formed by methods such as sput-
tering or vacuum deposition from the side of the support
1.
�[0084] In FIG. 17, propagating light generated by a light
source (not shown) enters the optical waveguide 2 from
the light input/�output end 8. The mirror 7 reflects propa-
gating light H propagating from the light input/�output end
8 so as to be guided towards the lens 92. The propagating
light H is focussed in the vicinity of the microscopic ap-
erture 6 by the lens 92 and near field light is generated
in the vicinity of the microscopic aperture 6 by propagat-
ing light H attempting to pass through the microscopic
aperture 6. With the optical microcantilever 80, light of a
high energy density focused by the lens 92 can be guided
towards the microscopic aperture 6 and the intensity of
near field light irradiated from the microscopic aperture
6 can therefore be made substantial.
�[0085] This optical microcantilever 90 is employed in
place of the optical microcantilever 10 of the scanning
near field microscope 1000 of FIG. 3.
�[0086] According to the optical microcantilever 90 de-
scribed above, in addition to the effects described for the
first embodiment, the intensity of near field light irradiated
from the microscopic aperture 6 is greater than for the

optical microcantilever 10 and the S/N ration of an optical
signal obtained by the scanning near field microscope
1000 can therefore be improved so that the scanning
speed of the scanning near field microscope can be im-
proved accordingly.

Seventh Embodiment

�[0087] FIG. 19 is a side cross-�section of an optical mi-
crocantilever of a seventh embodiment of the present
invention. With this optical microcantilever 100, an optical
fiber guide channel 32 for supporting an optical fiber is
formed at a support section 31, and the optical waveguide
2 has a projecting section 777 projecting above the op-
tical fiber guide 32. The optical fiber guide channel 32 is,
for example, a V-�shaped groove. Other aspects of the
configuration are the same as the configuration for the
optical microcantilever 10 of the first embodiment and
are not described. In addition to an optical fiber, an optical
element acting on light entering the optical waveguide or
acting on light exiting from the optical waveguide can be,
for example, a light- �emitting diode, a semiconductor la-
ser, a lens, a beam splitter, or a photodiode, etc. In this
case, the optical fiber guide channel 32 is an optical el-
ement guide which is made to correspond to the states
of the respective elements.
�[0088] FIG. 20 shows the situation when an optical fib-
er 130 is fixed to the optical fiber guide channel 32 of the
optical microcantilever 100. Light propagating from the
optical fiber 130 enters the optical waveguide 2 via the
light input/ �output end 8 and is guided to the microscopic
aperture 6 by the optical waveguide 2. There is therefore
little trouble involved in aligning the optical microcanti-
lever 100 and the optical fiber 130 during changing of the
optical microcantilever 100, etc., because the optical fiber
guide channel 32 is formed in the optical microcantilever
100. Further, the optical fiber 130 can be located close
to the light input/ �output end 8 because the light input/
output end 8 is located above an inclined surface that
presented an obstacle in the related art (refer to FIG. 14).
Coupling loss between the optical fiber 130 and the op-
tical waveguide 2 can therefore be reduced, the intensity
of propagating light entering the optical waveguide 2 can
be made more substantial, and near field light of a strong-
er intensity can be generated from the microscopic ap-
erture 6.
�[0089] FIG. 21 and FIG. 22 are views describing a
method for forming the projecting section 777 of the op-
tical microcantilever 100. The step of the situation shown
in FIG. 21 (a) is proceeded to using the method described
in FIG. 2�(a) to FIG. 2�(e). When there is no reflecting film
7 between the optical waveguide 2 and the support 1,
the reflecting film material 51 is not deposited and the
process may proceed. The following is a description of
the case where there is no reflecting film 7 between the
optical waveguide 2 and the support 1. Next, the
waveguide material 52 is patterned in the manner shown
in FIG. 21 (b) using photolithographic techniques and
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anisotropic etching. A mask 101 is then formed as shown
in FIG. 21 (c). The mask 101 is composed of, for example,
silicon nitride or silicon dioxide. An enlarged plan view of
the portion enclosed by a dotted line in FIG. 21 (c) is
shown in FIG. 22 �(a), and a cross-�section taken along line
A-�A of FIG. 22 �(a) is shown in FIG. 22 �(b). The optical fiber
guide channel 32 is then formed as shown in FIG. 21 (d)
by anisotropic wet etching of TMAH or KOH while at the
same time the cantilever composed of the optical
waveguide 2 is released. An enlarged plan view of the
portion enclosed by a dotted line in FIG. 21 (d) is shown
in FIG. 22 �(c), and a cross- �section taken along line A- �A
of FIG. 22 �(c) is shown in FIG. 22 �(d). The mask material
101 is then patterned as shown in FIG. 22 �(a) and the
projecting section 777 is formed by carrying out crystal
anisotropic etching. Next, as shown in FIG. 21 (e), light-
blocking material 55 and reflecting film material 51 is
formed by sputtering or vacuum deposition, and a micro-
scopic aperture is formed at the end of the tip 5. Finally,
the optical microcantilever 100 is formed by removing
unnecessary portions of the optical fiber channel 32.
�[0090] FIG. 23 is a plan view of the optical fiber channel
32. In addition to the pattern for the optical fiber channel
32 described in FIG. 22�(c), the optical fiber channels 32
shown in FIG. 23�(a) and FIG. 23�(b) can also be formed
by the step described in FIG. 21 (d) by changing the pat-
tern of the mask material 101 of FIG. 22 �(a). According
to the structure shown in FIG. 23�(a), this step is simplified
because it is not necessary to remove unrequired por-
tions of the optical fiber channel 32. Further, according
to the structure shown in FIG. 23�(b), the guide consists
of the portion shown by Y in the drawings and it is there-
fore easy to introduce the optical fiber into the optical
fiber channel 32.
�[0091] This optical microcantilever 100 is employed in
place of the optical microcantilever 10 of the scanning
near field microscope 1000 of FIG. 3.
�[0092] As described above, according to the optical
microcantilever 100 of the present invention, the effects
obtained for the third embodiment can be obtained just
with a process of forming the optical fiber guide channel
32. The manufacturing process is therefore simplified
and a lower cost optical microcantilever 100 can be pro-
vided. Further, according to the structure shown in FIG.
23�(b), handling is made easier because the optical fiber
can be installed in a straightforward manner.

Eighth Embodiment

�[0093] FIG. 24 is a structural view of a section for in-
troducing light into an optical microcantilever of an eighth
embodiment of the present invention.
�[0094] A light introducing section of an optical micro-
cantilever comprises a core 2a and cladding 2b of the
optical waveguide 2 formed on the supporting part 1, and
a core 110 and cladding 111 of a light propagating body
for introducing light into the optical waveguide 2. The
core 2a and the core 110 come into contact for a length

L1, with a gap between the core 2a and the core 110
being a few tens to a few hundreds of nm. The length L1
is 500 to 3000 Pm. When propagating light H from a light
source (not shown) enters the core 110, light leaking out
from the core 110 at the portion L1 combines with the
core 2a and propagating light H within the core 2a can
be propagated. FIG. 24�(b) is a perspective view of the
situation of FIG. 24�(a). Just the core 2a and the core 110
are shown for simplicity. The width W1 of the core 2a is
5 to 100Pm and the width W2 of the core 110 is 3 to
50Pm and is smaller than W1. Light can therefore be
introduced into the core 2a at a high coupling efficiency
with normal micrometer precision.
�[0095] Further, as shown in FIG. 24 �(c) when the thick-
ness of the core 110 gradually becomes thinner, a light
introducing section of a higher coupling efficiency than
that shown in FIG. 24�(a) can be obtained.
�[0096] As described above, according to the light in-
troducing section of the eighth embodiment of the present
invention, a light introducing section having a higher cou-
pling efficiency can be obtained in a straightforward man-
ner.

Ninth Embodiment

�[0097] FIG. 25 is a structural view of an optical micro-
cantilever 200 of a ninth embodiment of the present in-
vention. In addition to the structural elements of the op-
tical microcantilever 100, the optical microcantilever 200
has a light-�blocking wall 758. The light- �blocking wall 758
comprises silicone rubber in the form of resin or clay. The
light-�blocking wall is a few hundred Pm to a few mm high
and a few tens of Pm to a few mm thick.
�[0098] This optical microcantilever 200 is employed in
place of the optical microcantilever 10 of the scanning
near field microscope 1000 of FIG. 3.
�[0099] Light scattered by the connecting part of the
optical fiber 130 and the optical waveguide 2 can then
be prevented from leaking in the direction of the tip 5 by
the light-�blocking wall 758. According to this optical mi-
crocantilever 1000, an optical image with a high S/N ratio
can be obtained by a scanning near field microscope.
When the sample being measured is a luminescent ma-
terial, damage to the material in the form of bleaching
can be avoided. The scanning speed of the scanning
near field microscope can then be improved as a result
of obtaining an optical signal with a high S/N ratio.

Tenth Embodiment

�[0100] FIG. 26 is a structural view of an optical micro-
cantilever 300 of a tenth embodiment of the present in-
vention. In addition to the structural elements of the op-
tical microcantilever 100, the optical microcantilever 300
has light- �blocking material 759 and a light-�blocking film
760. The light-�blocking material 759 is formed on the
light-�blocking film 3. The light- �blocking film 760 is fixed
by the light-�blocking. material 759 and the other end of
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the light-�blocking film is covered by the output end of the
optical fiber 130.
�[0101] The light-�blocking material 759 comprises sili-
cone rubber in the form of resin or clay. The light-�blocking
film 760 consists of a metal such as aluminum or copper
etc. or silicone rubber in the form of a resin. The light-
blocking material 759 is a few tens of Pm to 1 mm thick,
and the light-�blocking film 760 is a few tens to a few hun-
dreds of Pm thick. The light- �blocking film 760 can there-
fore be moved by plastic or elastic deformation.
�[0102] This optical microcantilever 300 is employed in
place of the optical microcantilever 10 of the scanning
near field microscope 1000 of FIG. 3.
�[0103] According to this optical microcantilever 300,
the effects described for the ninth embodiment can be
obtained with the thin light- �blocking material 759 and the
light-�blocking film 760 and the optical microcantilever 300
can therefore be thinner than the optical microcantilever
200. Further, as the light-�blocking film 760 is movable,
the light input/ �output end 8 can be made to be seen when
deciding the position of the optical fiber 130 and position-
ing of the optical element can therefore be carried out in
an accurate manner.

Eleventh Embodiment

�[0104] FIG. 27 is a structural view of an optical micro-
cantilever 400 of a tenth embodiment of the present in-
vention. In addition to the structural elements of the op-
tical microcantilever 100, the optical microcantilever 400
has light- �blocking material 759 and a light-�blocking film
760. The light-�blocking material 760 is directly fixed onto
the light- �blocking film 3 by the light- �blocking material 759.
�[0105] The light-�blocking wall 759 comprises silicone
rubber in the form of resin or clay. The light-�blocking film
760 consists of a metal such as aluminum or copper etc.
or silicone rubber in the form of a resin. The light- �blocking
material 759 is a few tens of Pm to 1 mm thick, and the
light-�blocking film 760 is a few tens to a few hundreds of
Pm thick.
�[0106] This optical microcantilever 400 is employed in
place of the optical microcantilever 10 of the scanning
near field microscope 1000 of FIG. 3.
�[0107] According to the optical microcantilever 400, in
addition to the effects described in the eleventh embod-
iment, the optical microcantilever can be made smaller
than the optical microcantilever 300 described in the
tenth embodiment because the thin light-�blocking film
760 is fixed by the thin light- �blocking material 759. Fur-
ther, the light-�blocking material 759 is in direct contact
with the air and can therefore be dried easily, which
means that the light-�blocking film 760 can be fixed in a
short time.

Industrial Applicability

�[0108] As described above, according to the optical
microcantilever of claim 1. there is provided a reflecting

film for reflecting light propagated from the light input/
output end in such a manner that the light is guided to-
wards the microscopic aperture, or reflecting light prop-
agated from the microscopic aperture towards the light
input/�output end. Loss of propagating light due to the
generation of near field light can therefore be reduced.
�[0109] Further, according to the optical microcantilever
of claim 2, there is provided a portion having an angle
with respect to an optical axis of propagating light passing
through the light input/ �output end and monitoring of sur-
faces of materials having substantial steps is therefore
possible.
�[0110] According to the optical microcantilever of claim
3, because the optical waveguide of this optical micro-
cantilever comprises a core, and cladding deposited on
one side of the core, or both sides of the core, or depos-
ited so as to surround the core, propagating light propa-
gated by the optical waveguide is prevented from leaking
to the outside, and the propagating light is propagated
within the optical waveguide under conditions of total re-
flection, so that light is propagated in an efficient manner.
�[0111] Further, according to the optical microcantilever
of claim 4, as a result of providing this optical microcan-
tilever with a light- �blocking film on the optical waveguide
at the side where the tip is formed, and a reflecting film
at the opposite side to the side where the tip is formed,
propagating light propagated by the optical waveguide
is prevented from leaking to the outside, and the propa-
gating light is therefore propagated in an efficient man-
ner.
�[0112] Further, according to the method of manufac-
turing an optical microcantilever of claim 5, this manu-
facturing method includes the steps of forming a step of
a prescribed angle at a substrate, depositing a reflecting
film on the substrate, depositing an optical waveguide on
the reflecting film, working the reflecting film and the op-
tical waveguide so as to form a tip, depositing a light-
blocking film on the optical waveguide, forming a micro-
scopic aperture at the end of the tip, and forming a sup-
porting section by having substrate remain on the side
to be the light input/�output end and removing the sub-
strate on the side to be the free end. Propagating light
loss can therefore be reduced, and an optical microcan-
tilever with superior productivity and uniformity can be
made in a straightforward manner.
�[0113] Further, according to the method of manufac-
turing an optical microcantilever of claim 6, the angle of
the step formed in the step forming step is an angle that
enables propagating light propagating from the light in-
put/ �output end to be guided towards the microscopic ap-
erture by the reflecting film deposited in the reflecting film
depositing step, or is an angle that enables propagating
light propagating from the microscopic aperture to be
guided towards the light input/ �output end. The propagat-
ing light can therefore be reflected in an efficient manner
due to the generation of the near field light and an optical
microcantilever where loss of propagating light is re-
duced can be easily made.
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�[0114] Further, according to the optical microcantilever
of claim 7, by forming a channel between the light input/
output end of the optical waveguide and the optical ele-
ment guide, the optical element can be located close to
the light input/ �output end and loss of propagating light
can be reduced so that near field light of substantial in-
tensity can be generated.
�[0115] Further, according to the method of manufac-
turing an optical microcantilever of claim 8, there are pro-
vided the steps of forming a step at least in the proximity
of a location at the light input/�output end of the optical
wave guide at the substrate, forming an optical element
guide at the substrate, depositing an optical waveguide
on the substrate, removing the optical waveguide at the
location where the step is formed in the step forming step
so as to form the light input/�output end of the optical
waveguide, forming a channel by working the substrate
between the light input/�output end and the optical ele-
ment guide, removing the optical waveguide on the op-
tical element guide so as to expose the optical element
guide, and forming a supporting section by having sub-
strate remain on the side to be the light input/�output end
and removing the substrate on the side to be the free
end. Propagating light loss can therefore be reduced,
and an optical microcantilever with superior productivity
and uniformity can be made in a straightforward manner.
�[0116] Further, according to the method of manufac-
turing an optical microcantilever of claim 9, there are pro-
vided the steps of forming a step at least in the proximity
of a location at the light input/�output end of the optical
wave guide at the substrate, forming an optical element
guide at the substrate, depositing a reflecting film on the
substrate, depositing an optical waveguide on the reflect-
ing film, working the optical waveguide so as to form a
tip, depositing a light-�blocking film on the optical
waveguide, forming a microscopic aperture at the end of
the tip, removing the light-�blocking film, optical
waveguide and reflecting film at the location where the
step is formed in the step forming step so as to form the
light input/�output end of the optical waveguide, forming
a channel by working the substrate between the light in-
put/ �output end and the optical element guide, removing
the light- �blocking film, optical waveguide, and reflecting
film on the optical element guide so as to expose the
optical element guide, and forming a supporting section
by having substrate remain on the side to be the light
input/�output end and removing the substrate on the side
to be the free end. An optical microcantilever which can
easily be aligned with the optical element and which has
superior productivity and uniformity can therefore be ob-
tained.
�[0117] Further, according to the optical microcantilever
holder of claim 10, there is provided an optical microcan-
tilever guide for supporting the optical microcantilever
and an optical element guide for supporting an optical
element for introducing light into the optical microcanti-
lever. The optical microcantilever and the optical element
can therefore be aligned simply by installing the optical

microcantilever at the optical microcantilever guide and
installing the optical element at the optical element guide
and work involved in this alignment is kept to a minimum.
�[0118] Further, according to the optical microcantilever
of claim 11, monitoring of surfaces of materials having
substantial steps is possible using the nose section. Fur-
ther, according to the optical microcantilever of claim 12,
the tip can be formed with a flat head portion, and forming
of the tip is therefore straightforward.
�[0119] Further, according to the optical microcantilever
of claim 13 to claim 16, light of a high energy density can
be guided into the microscopic aperture using the lens
and near field light irradiated from the microscopic aper-
ture can be of a substantial intensity. Further, light de-
tected by the microscopic aperture can be transmitted to
a detector in an efficient manner as detection light by
collimating the detected light using the lens.
�[0120] Further, according to the optical microcantilever
of claim 17, because the tip of this optical microcantilever
is formed of a material of a high refractive index, efficiency
of irradiation of light from the microscopic aperture and/or
the efficiency of generation of near field light to be de-
tected and/or the efficiency of detection can be in-
creased.
�[0121] The S/N ratio of a light image can therefore be
increased and the scanning speed be made faster for
the scanning near field microscope. The efficiency of
generation and/or detection of the near field light is there-
fore good, and an optical microcantilever suited to appli-
cations in the fields of processing and analysis can there-
fore be provided.
�[0122] Further, according to the optical microcantilever
of claim 18, a distance between the light input/�output end
and the optical element can be made shorter because
the light input/�output end projects above the optical ele-
ment guide. The efficiency with which light entering the
optical waveguide and/or light outputted from the optical
waveguide can be introduced and/or detected is there-
fore good.
�[0123] Further, according to the optical microcantilever
of claim 19 to claim 23, the light-�blocking means ensures
that light scattered by the light input/�output end is not
transmitted in the direction of the tip and this therefore
improves the S/N ratio of optical images of the scanning
near field microscope, so that the scanning speed of the
scanning near field microscope can be improved accord-
ingly. Further, deciding of the position of the optical ele-
ment and the light input/�output end of the waveguide can
be performed during observation because the light-
blocking film is movable and positioning of the optical
element can therefore be carried out in a precise and
straightforward manner.

Claims

1. An optical microcantilever employed in a scanning
near field microscope, comprising:�
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a substrate;
a cantilever-�shaped optical waveguide formed
at the substrate;
a light input/�output end positioned at a side of
the fixed end of the optical waveguide;
a tip provided at the side of the free end of the
cantilever and having a microscopic aperture at
an end thereof, and
light- �blocking means for ensuring that light scat-
tered by the light input/�output end is not trans-
mitted in the direction of the tip.

2. The optical microcantilever of claim 1, wherein at the
optical microcantilever employed in a scanning near
field microscope, �
the light-�blocking means is arranged above the sub-
strate and the optical waveguide, and provides a wall
for blocking the scattered light.

3. The optical microcantilever of claim 1, wherein at the
optical microcantilever employed in a scanning near
field microscope, �
the light-�blocking means comprises: a light- �blocking
agent located on the substrate and the optical
waveguide; and
a light-�blocking film located on the light- �blocking
agent, �
and the light-�blocking film is located in such a manner
as to cover at least the light input/�output end.

4. The optical microcantilever of claim 1, wherein at the
optical microcantilever employed in a scanning near
field microscope, �
a light-�blocking means comprises: a light-�blocking
film located on the substrate and the optical
waveguide; and
a light- �blocking agent arranged so as to cover at least
part of an end of the light-�blocking film,�
and the light-�blocking film is located in such a manner
as to cover at least the light input/�output end.

5. The optical microcantilever employed in a scanning
near field microscope of claim 3 or claim 4, wherein
the light-�blocking film is movable.
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